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ABSTRACT

The criterion of starvation in this study was the medical condition of
Pyloric Stenosis (PS). PS involves a period of brief starvation in earl)‘l infancy,

unrelated to socioeconomic conditions and is easily correctable. Specific

learning abilities and general adjustment of 50 subjects, 5 to 14 years old, who .

had PS were studied and compared to: a) 44 siblings; and b) 50 matched
controls. Al! learning abilities measured were significantly correlated with
the degree of starvation severity in infc’mcy.- Starvation causing a reduction of
over 10% of the expected body weight in infan;:y was associated with poorer

learning abilities, especially those involving short term memory and attention.
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raduciions in c2ll number and rasuli in long term deficiis in intelieciua

Melnuirition in sc-ly iafancy, cs it occurs in many parts of the world,

. . . . ] . .. - .
including ihe U.S., hcs baen reporied io be zssaciaied with poor functioning
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drawn from the findings of previous siudies, there is sufficient evidence fo con-

ition/starvation and the fime of

"

clude that differences in the severity of malnuir
cnset of the insuli would likely determine the exient of brain impairment and
conseguant funciicning. However,. it has been difficult to isolate the effects

of malnuirition on inreliecival funciioning of human subjects due to confounding

sociosconomic and culiurel variables.

Pyloric siencsis (PS), a naiurslly occurring condition of starvation during
early infancy, is not associated with these confounding variatles of social
deorivation or poverty. With ifs onset beiween birth and 3 months of age and
with a clinical severity ranging from mild dehydration through more extensive
starvaiion and malnutrition, the conditic.. of pyloric stenosis offers an
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mulnuitition insult fo the developing infani's nervous sysiem. Almost immedi-
b e io.e 1 .
inis condiiion, tha child resumes normal

L. . N) _~- . . . -
=aiing, in ibe save socicl and envircamenicl milieu as his siblings. This clear

sfarveiton provides definite boundaries of ihe siarvation period.

This siudy reparis the speciiic learning abilities and general adjustment of 50

age wno had pyloric stencsis in infancy comparad to 44

on subseguent learning abilities and general odjustment? If so which

METHODS
In ordar io isolatz starvation ez the cause of differences among the

subjects’ test scores, the following variables known to affect intellectual-

developmeni were conivolled: age, sex, sociosconomic status, parental educa-

tion, complications during pregnancy and dalive birin weignht, birth order
r $ g PTegd Y r ’ r

number of siblings, medical problems and surgical operations in the child's

lite hisiory. ln eddition, conclusions were based only on those findings which

were consisient across various analyses of the data.

-3-




" A :oial of ]4.4 white children from Monroe County volunteared ‘o parti-
ciasie in ihis siudy. The children were divided as follows:
1. Ingax casss. A group of 30-children, 44 boys and 6 girls, who
hzd been fresied for PSin infanzy. The index cases ware between
5 end 14 years old with a mean age of 9 years 2 months.

2. Sitling ceairol group A group of 44 subjscis, each of whom
was a sisling of an inc'ex case. Their gges ranged between 5 and

15 years with a mean oge of 10 years and 1 month.

3. Maiched conirol group. A group of 50 children, each of whom
was matchad by oge, sex and faiher's level of education (in years)
to the index cases. These subjecis were drawn from a sample of

6, 669 individuals who répresenfed a random sample of the population
of Monroe County, New York.

Subjects for whom there was reason fo assume possible neurological

: c'cmcg:e due fo conditions during pregnancy and birth or later injury were
excluded from ail three groups. Sutjacts who weighed less than 2.3 kg. or
more than 4.1 kg. for boys and 4.3 kg. for girls were also excluded. No
significant diff-rences were found between the ihree groups of subjects with

ragard to: duration of pregnancy, mother's age, birth weight, birth order,

number of siblings or number of surgical operations in the child's history.
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thosa essentiol for "school lzarning. Spzcific jesis were szlected io meosure
. | ~ . .o .
cifferent sensory channels of communication, as well as the different levels of

cogniiive organizafion. Verbal abilities were mecsured by ihe Peabody Piciure

Doy
i

Vozabulary Test (TPVT) and by the Vocebulary from the Wechsler Intelligence

Scale for Children (WISC). Eye-hand coordination and spzed and.accuracy of
lzarning a new code were mecsured by the Digit Symbol (coding) test from the
WiSC. Two measures of shori term rore seguential memory were usad: the
Digit Span test from the WISC, which tzsts immadiate recall for auditory
stimuli (Auditory Memory) end the Visual Memory iests from the Hiskey-
Nebraska Test of Leorni.ng Aptitude, which lest recall for visual stimuli. Non-
verbal reasoning and undersianding of figural spatial relotions were .'n'ecxsured by
the Raven Prog:ressive Mairices, Achievement in reading and orithmetic were
evaiuated by the Wide Range Achievement Test (WRAT).

The parenis of ecch subject were interviewed and csked to evaluate their
children on the Parental Estimate .of Development Scale (Pf:'DS)}0 ond on the
Vh:\elcnd Social Maturity Scale (VSMS). 1 The sc'iool teacher of eoch subject

was asked io evaluate him on the Otfawa School Behavior Checklist (OSBCL), 12

The behaviors listed in the OSBCL were factor analyzed and yield scores for
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the following faciors: Immeiurity, Overoctivity, Conduct and
Personality.
The subjacts' physical development was assessed by the measurements of

el .

head circumference and height and weight at the time of the testing.

Procedures
Three hoseitals in Rochester, New York ( Sirong Memorigl Hospital,
Rochaster General Hospital and the Genesee Hospital ) submitted a list of ol!
pctients who had been ireated for PS between the year's 1959 and 1968. Of
these, a toial of 98 ware identifisd os still .residing in the Monroe County area. i A |
Fifty-ninz families (57.3 percent of all families ;oniocied) expressed their
willingness io pariicipate in the study. Nine subjects were excluded because
of other confounding variables (low birth weight, complications during birth, ‘

and conwulsions). Following the identification of the index cases, the matched

' _Psychological testing and measurements of each subject and parental
inferviews were carried out indivic"ually. Each subject was randéml;' assigned
io on<e of three trained psychomefrician;\s. Each index ccse and his sibling were -
‘tested simultaneously. Testing of each child lasted one and a half to two hours.

The OSBCL was sent to the teachers with an enclosed return envelope.

The medical records of the index cases were examined independently by

the two pediairician authors. Based on their evaluation, the onset, duration

|
|
\
contirol su'c{ecfs were selected. <.




and severity of starvaiion were recorded. Thf.: severity of starvation was
determined by relating the infant's body weight on ;dmission to the hospital
to his or her expecied weight, as extrapolated from the weight at kirth. This
weight deficit wes expresse::l as a parcentage of the expected weight for this
oge. Based on the parcent of weight deficit the index cases fell into the
following groups of starvation "severity":
a. Low severity, weight deficit ofb to 10 percent of expected v;eighfr
for age
b. Moderate severity, weight deficit of 11 to 20 percent of
expacted weight for oge |
c. High saverity, weight deficit of 21 fo-4'l .9 percent of expected
weight for age.
~ The anclysis included iwo parts: an intergroup comparison-of the index
cases, sil;iipgs, and matched controls; and an intragroup analysis dealing with

index ceses who suffered from various levels of starvation at different periods

of time during infancy. | -

RESULTS

Effects of starvation on learning abilities

No significant differences were found between siblings and matched
control subjects on all tests of learning abilities (Table 1). However,
- = = Table 1 about here = ~ ~
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- controls, significant differences (F = 3.é§, df = 2,40, P¢.05) were found

S b -
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significant co.’relqﬁons were found between the learning cbility tests and t‘he
suéiécfs' severily of starvation (Table 2).” More severe starvation was
associated with lower scores on the learning ability tests.

- = = Table 2 about here - - ~ T

The index cases in the "low severity" of starvation group, i.e., those

who had an estimated weight daficit of 10 percent or less, did not differ from

both their siblings and their matched control subjects on all tests of learning

abilities, with the exception of Auditory Memory (Table 1), Higher levels

of starvation, 11 percent weight deficit or greatar, did resuit in lower perform-: -
ance on several ie;ts. As indicated in Table 1, the Auditory Memory and .
Coding scores were found to be consistently lower for the index cases when
compared to their siblings and their matcl;ed contrel subjects in the high

severity of starvation group. Although index cases in all three levels of seve:iiy -

were found ‘t‘o have lower Auditory Memory scores compared to siblings and _

between the Auditory Memory scores of the index cases in the three levels of

starvation severity.

A Because of the congitive tasks involved in the visual memory tests,

comparisons of iest scores could only be carried out between the index casss

T -

and their matched controls. Poorer visual memory was found in index cases, in

- ATV oy

both the high (p<.05) and moderate (p<.01) severity groups when comparz+ e

- .
.
;
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their control subjects.

The findings reported in Table 1 for the PPVT, the Raven Progressive
Mairices, the Vocabulary and the Reading and Arithmetic lests were not
consistent throughout the comparisons. Thus, no conclusions could be drawn
when: 1) differences werc; found between the index cates in a lower severity
group and their control groups but not between the. index cases in a higher
severity group and their control groups; 2) differences were found between the
index cases and one of the two control groups but not between them and the
other cﬁntro! group.” J

Effects of starvation on general adjusiment

Pafental evaluation of the index child's overall development (Parental
Estimate of Development Scale) indicated that the higher the degree of severity,
the lower the pc:;rental estimation of their child's development and predicted
potential (r = .0367, df 49, p<.01).

However, neither the teacher's evaluatian of subjects' behavior on the
Ottawa School Behavior Checklist (OSBCL) nor the parental evaluation on
the Vinelard Social Maturity Scale (VSMS) was found to be significantly
correlated with the index of severity of starvation. | N

In the comparison between the index cases within each level of severity

and the respective control groups, a low severity of starvation was not found to

affect any of the measured aspects of behavior. Yet, high severily of starvation




wos associated with a lower social maturity score on the VSMS when compared

to either siblings or matched conirols.

Effects of siarvation on physical development

The distribution of heighi, weight and head circumference of the index
cases was not found io ke signiticantly different from that of their parents,
siblings or rﬁatched controls. In oddition, no differences were found between
.t‘ne groups of index coses who suffered from high, moderaie or low severity of
starvation. Early motor development of the index cases (besed on the history
of the date of starting fo walk ) was found to be significantly correlated with
the severity of starvation experienced by the subjects (r = .400, df = 49,
p<.01). In other words, a higher degree of starvation was associgted with
this measure of slower motor development.,

Effects of the time of onset of the starvation

An analysis of variance was car.ried out for the scores on each test in
order to compare test scores of index cases for whom starvation onset occurred
at either one of the following periods: 1-20, 21-30 and 3160 day- of life. .
No significant differences were found between these groups on any of the
learning abilities measured, nor on the measures of general adjustment
reported by the parents.

The time of starvation onset was fourd interestingly, to affect the

scores on the OSBCL. Those index cases for whom starvation onset was

-10-
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between 21 and 30 days of age had s'igniﬁcanﬂ.y more problems related to

-

" {mmaturity, overactivity and conduct as compared to the two other groups of

starvation onset (Table 3).

- = = Table 3 about here - - =

DISCUSSION
Pyloric sienosis, even though severe in infancy, did not result in measur-
able effects on gross physical. development cs reflected by head circumference,

height or weight, although an indication of possible slow motor development
was suggested, .

However, even a brief period of moderate starvation caused by pyloric
stenosis was found to have a long-lesting effect on learning abilities and
gene::al adjustment measured at 5 to 14 ye;:rs of age. A weight deficit greater
than 10 peerenf, especially a deficit of 20 percent or higher, was found to be
associated wn th poorer scores on tests of learning abilities and social maturity
(VSMS). Most consistent findings were observed for the scores on the Coding
and Auditory Memory tests, These findings, supported -by the findings for the
Visual Memory test, suggest that short term memory and attention are- affected
l;y starvation occurring within the first three months of life,

Pyloric stenosis starvation onset between 21 and 30 days of age was

significantly related to school problems involving immaturity, overactivity, and




conduct problems as mecsured by the OSBCL. The items representing these

factors on the above chacklist depici behaviors that are related to the child's
incbility to control his behavior in the classroom and to attend to one task for
a defined period of time. This suggests that besic mechanisms necessary for

control of such abilities to aiiend cre developed early in infancy. It is

“interesiing also to note that this period of between 21 to 36 days was isolated

in a study atiempting to relate developmantal biology and psychoanalysis as

- one of the critical periods in the development of anxiety. B 1he upper bound-

aries of the critical period identified in the present study (21 to 30 days) can
not be clearly determined bacouse there wes only one subject for whom starve=-
tion onset occurred after 60 days of age,

Subjects who had suffered.from starvation in the present study had also
underéone surgery in infancy. It could be argued that the surgical operation
and insult ra“fher than the sfcn-'vaﬁon itself affected the subjects’ subsequen.f
Vad .
learning abilities and behavior. However, these variab!es were controlled
by the design of the intragroup comparisons. Thus, all subjects had surgical
treaiment for PS, buf.di ffered with regard to the severity of starvation and its

time of onset.” The differences found between these groups of index cases

could not therefore stem from the freatment procedures, but more likely from

the variations in starvaiion.

40014
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IMPLICATIONS
This study again calls attention to the more subile long term effects of
insults to the developing human nervous system. In addition it represents an
example Of;l naturally occurring childhood condition which lends itself ;'o a
human model for extending basic animal research on the relationship between

nufrition and learning. ] -
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, TABLE I
" VALUES OR t FOR COMPARISONS BETWEEN INDEX CASES,
: SIBLINGS AND MATCHED CONTROLS .

Vocabu- Auditory Visual

Zuaa. Controls

Level of . Comparison )
Severity between PPVT lary Coding Memory Memory Raven Reading Arithmetic
HdMMWm- 1.2 1.3 . =3, T*% - =2,6* 1.4 1.1 . 2.2% .
mw-mw TiEs , N .
N=13 Index-- _ * -7 A% -0 /% -2 0% - .
. Controls 1,5 v 2.8* 3.6** =2,8%* 2.0 H.N -2.0* 1,1
' H:MMWWI Hob. . lN.H} Hoo lwob.ﬁﬁ . » lu-wﬁﬁ lNo w* 'Howﬁ LT
Moderate R L
N=18 Index-- . - * . R .
Controls -1.9% 1.4 1.5 -5, 3% ‘ 2.7* -2.5* 1.7 0.7 >
[ovde]
Index-- 0.6 1.6 1.0 -3,0% 0.7 0.7 " 1.5
. Sibs ; , V
Low ) , .
N=13 Index-- . _1 0% : 1 ah
Controls 0.3 1.3 0.8 1.9 0.8 0.2 HJw 0.2
N=44 Sibs p
’ O.N o.# H.m O.Q O.Q O.W Hoo H.Q

* p < ,05 one tailed ’ .
** p < ,01 one tailed
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TABLE 2 A

CORRELATION BETWEEN TESTS OF LEARNING

ABILITIES AND DEGREE OF STARVATION

Correlation ‘ Level of
Name of Test Coefficient Significance
PPVT -0, 323 : ‘ p<.05
) ... Vocabulary . —0.253 p<.05
Coding - =0.315 B p<.05
Auditory Memory . —0,431 _ p<.01
Visual Memory =0,258 3 p<.05
Rave;\ Progressive Matrices —0,383 . P< .03
Beadin; . -0, 362 p< .61
Arithmetic 03y p<.0t
fge19




TABLE 3

VALUES OF t FOR THE COMPARISONS BETWEEN THE OSBCL

SCORES OF THE THREE GROUPS OF STARVATION ONSET

Comparison
Between df Immaturity

Conduct  Persondlity
Overactivity  Factor Factor ~ OSBCL

1-20 &
21-30 31 -3.019**
1-20 &
31-60 31 0.852

© 21-30

31-60 . 30 +2.156*

22.930%%  =2,024**  1.689  -2.754**
0.691 0.674 0.291 0.595

22126 42491 42.491%% 42,094

*p <:05 (one-tailed test)

. ** p¢.0l (oné-tailed test)
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